Drought is the primary meteorological disaster that affects pasture, but insufficient soil moisture is 11 the most prominent cause of pasture drought. Timely and accurate determination of the soil moisture 12 threshold of pasture is important for objective recognition and monitoring of the occurrence and 13 grades of drought events were correlated with both initial soil moisture and previous precipitation. 29
Drought intensity refers to the degree of water deficiency for crops at a certain moment, and it can be 110 expressed by soil water loss and soil water supply. The drought intensity (I) of a certain soil layer can 111 be expressed as follows: 112 I = 1 − (soil moisture changes) = 1 − (1+ ) (1) 113 where, a is the empirical regression parameter and can be calculated via reservoir capacity and 114 relative water loss. The specific calculation process is as follows. The water yield of a soil layer 115 under no water stress is defined as x0 (mm, the field capacity minus wilting moisture content) and the 116 initial water yield of the soil layer is denoted as x1 (mm). After the occurrence of drought, the daily 117 water loss of the soil layer is denoted as wi (mm) and the residual water content of soil layer referred 118 to as xi (mm). Therefore, the daily relative water loss is ri=wi/xi, and the cumulative relative water 119 loss up to that day is = ∑ . On the n th day of the drought, two sequences that change with 120 drought time could be obtained. The surplus available water storages were X (x1,x2,……,xn) and Y 121 (y1,y2,……,yn). The regression coefficient is a. 122
The drought degree (D) is the cumulative function of drought intensity (I) with duration of drought: 123 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2018-305 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. 
Soil relative humidity 125
The calculation method of soil relative humidity is: 126
where, R is the soil relative humidity (%). Wv and Wg are volumetric soil water content (cm 3 /cm 3 ) 129 and soil weight water content (g/g), respectively.
is the soil bulk density (g/cm 3 ), and fc is the field 130
capacity (g/g). 131
The pasture growth conditions in alpine regions and regulations in the Qinghai Local Standards 132 (DB63/T372-2011) lead to the conclusion that crop growth in this area is seriously degraded when 133 the soil relative humidity is lower than 20. Crops withered when the soil relative humidity was 134 within the 20%-40% range, and signs of drought occurred when the soil relative humidity was within 135 the range of 40%-50%. However, no signs of drought were observed in crops when the soil relative 136 humidity was higher than 50%. 137
Results and analysis 138

Soil moisture changes in different continuous drought processes 139
Soil moisture changes in different layers 140
Drought occurs when the soil moisture is reduced to a certain extent. Soil moisture changes in the 141 root layer significantly influence agricultural crop yields (Chen et al.,2017b ) For all five groups, soil 142 moisture in different layers decreased continuously over time (Fig. 2) . 143
With the reduction of volumetric soil water content and deepening of soil layers, the amplitude of 144 change in volumetric soil water content among the different groups decreased. Ultimately, significant 145 continuous reduction ceased. At the same time, the moisture gradient among different groups 146 disappeared gradually.the volumetric soil water content gradient In the early period of drought events, 147
The 0-10cm soil layer presents the most significant inter-group difference of soil volumetric water 148 content, followed by the 10-20cm layer and 20-30cm layer successively.and these differences were 149 present but diminished in the 10-20 cm layer and likewise in the 20-30 cm layer. As time progressed 150 after the onset of the drought event, volumetric soil water content in the 0-10 cm layer decreased the 151 most quickly. The inter-group difference in the 10-20 cm layer narrowed the most rapidly, and this 152 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2018-305 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. The soil water balance was negative. This is the consequence of the combined factors of high soil 165 moisture and its large differential with atmospheric humidity as well as the strong pasture-soil 166 evapotranspiration. In the drought period of 7-35 d, soil evapotranspiration is composed of constant 167 evaporation and secondary evaporation. Soil water loss still remained higher. However, 168 such soil water loss is relieved slightly as the drought continues. soil moisture changes were relieved 169 slightly as soil drought continued in relative with that before. In the drought stage of 35-49 d, soil 170 water balance was generally negative. However, these were accompanied with a few positives values 171 for soil water balance. Some soils gained water which indicates that the upward migration rate of soil 172 water in deep layers began to increase and secondary water distribution among different soil layers 173 was triggered. As a result, water content in some soil layers increased. The surface layer of 0-10 cm 174 was mostly affected by the aboveground environment and water loss was high. However, the degree 175 of influence that the aboveground environment asserted on the soil water loss rate decreased with the 176 increase of soil layer depth. The daily soil water loss of the 0-20 cm layer was 0-0. yields than other soil layers in the late stage of drought. Based on the above analysis, it can be seen 182 that soil water balance changes and water dynamic changes of the 0-20 cm layer can represent water 183 changes of the whole pasture root system. 184
Soil drought degree and drought threshold 185
According to the formula of drought degree, drought degree shall present a linear relationship with 186 drought intensity and duration when the assessment period N is given. However, our results also 187 demonstrate that soil water loss rate and drought degree were relieved when the drought continued. 188 Therefore, the negative indexation of the drought degree was carried out by combining previous 189 research methods: 190 increase in soil layer depth. For the same soil layer, the regression coefficient a was negatively 205 related with precipitation. Obviously, a could properly reflect the drought rate for the whole process. 206
Effects of duration on drought degree and drought threshold 207
It can be seen in contrary, the growth rate of drought intensity (I) was higher in the early stage, but it was lower in the 211 late stage. Among the different soil layers, water loss rate was high in the early stage of drought in 212 the 0-10 cm layer. This is attributable to the high soil moisture in the 0-10 cm layer. The I value for 213 the 0-10 cm layer was three times that of the 10-20 cm layer, showing a relatively higher growth rate. 214
However, the D value of the 0-10 cm layer was relatively low and no soil drought had yet occurred. Standards (DB63/T372-2011), crop growth is seriously destroyed when the soil relative humidity is 227 lower than 20%. Crops withered when the soil relative humidity ranged within 20%-40%, and signs 228 of drought occurred when the soil relative humidity was 40%-50%. However, no signs of drought 229 were observed in crops when the soil relative humidity was higher than 50%. The drought degree 230 threshold was calculated as 0.36 by fitting the multi-sample data for the volumetric soil water content 231 of the five groups in the 0-20 cm layer. The drought intensity thresholds at the occurrence of 232 different drought grades are shown in Table 3 . 233
Effects of precipitation on duration of drought 234
In Fig.5 , it can be seen that volumetric soil water content can directly influence the duration of 235 drought. Group 1, Group 2, and Group 3 witnessed more days of moderate drought, while Group 4 236 had more days of severe drought compared with that of moderate drought. In different groups, 237 duration of mild drought and moderate drought first increased and then decreased with the 238 continuous reduction of soil volumetric water content, whereas the duration of severe drought 239 achieved exponential growth. These trends revealed that duration of pasture drought was related with 240 the initial volumetric soil water content as well as previous precipitation events. Natural precipitation, 241 the only water resource for pasture growth in alpine regions, may indirectly influence duration of 242 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2018-305 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. In this paper, soil relative humidity was utilized as the soil-pasture drought intensity threshold. This 290 was accomplished according to relevant local standards due to the lack of daily observation data for 291 pasture growth indices. Future studies should adjust the test to further optimize the pasture drought 292 threshold. 293
Conclusions 294
(1) Soil moisture in the 0-30 cm layer declined continuously in all groups after gradient 295 processing of precipitation. With increasing precipitation, there was an increase in the utilization of 296 deep soil water and an increase in the reduction rate of soil moisture. Inter-group differences 297 gradually disappeared as the drought conditions continued. 298 
